Objective: Overweight and obesity, indicated as increased body mass index, are associated with the risk of some cancers. We carried out a meta-analysis on published cohort and casecontrol studies to assess the strength of association between body mass index and gastric cancer. Methods: Relevant studies were identified through PubMed, Web of Science and Medline electronic databases. Adjusted relative risks (odds ratios) with 95% confidence interval were used to assess the strength of association between body mass index and gastric cancer. Results: Sixteen eligible studies were included in this meta-analysis. Overall, obesity (body mass index 30 kg/m 2 ) was associated with an increased risk of gastric cancer (odds ratio ¼ 1.13, 95% confidence interval ¼ 1.03 -1.24) compared with normal weight (body mass index ¼ 18.5 to ,25 kg/m 2 ), while overweight (body mass index ¼ 18.5 to ,30 kg/m 2 ) showed no association (odds ratio ¼ 1.04, 95% confidence interval ¼ 0.96 -1.12). Specifically, a stratified analysis showed there were associations between obesity and the increased risk of gastric cancer for males (odds ratio ¼ 1.27, 95% confidence interval ¼ 1.09 -1.48), non-Asians (odds ratio ¼ 1.14, 95% confidence interval ¼ 1.02 -1.28) and both cohort studies (odds ratio ¼ 1.10, 95% confidence interval ¼ 1.00 -1.22) and case -control studies (odds ratio ¼ 1.29, 95% confidence interval ¼ 1.03 -1.60). Both overweight (odds ratio ¼ 1.22, 95% confidence interval ¼ 1.05 -1.42) and obesity (odds ratio ¼ 1.61, 95% confidence interval ¼ 1.15 -2.24) were associated with the increased risk of gastric cardia cancer. Conclusions: The results indicated that obesity was associated with the risk of gastric cancer, especially for males and among non-Asians. Both overweight and obesity were associated with the risk of gastric cardia cancer.
INTRODUCTION
Gastric cancer, a cancer of the digestive tract, can be traced throughout the development of national economy and modern civilization. It is associated with high incidence rate in Asia, as is the case with mortality rate (1) . As reported in the latest global cancer statistics, the incidence and mortality rate of gastric cancer are higher in developing countries and in males.
Gastric cancer is the fourth frequently diagnosed cancer and the third cause of cancer death among males and it is the fifth leading cause of cancer incidence and death among females (2) .
In 2007, the report of World Cancer Research Fund (WCRF) used a more standardized approach to review the evidence, and concluded that the evidence that body fatnesses associated with increased risk of esophageal adenocarcinoma, and with cancers of the pancreas, colorectum, postmenopausal breast, endometrium and kidney was convincing, and that a probably association existed between body fatness and risk of gallbladder cancer (3) . In addition, obesity and overweight were linked to increased risk for liver and biliary tract cancer (4) and papillary thyroid cancer (5) . However, the abundant epidemiological studies conducted to explore the association between excess body weight and the risk of gastric cancer have shown inconclusive results. Some researchers found that the excess body weight was related to increased risk of gastric cancer (6, 7) , but others found no association (8 -11) . It is possible that the different results are caused by differences in exposure definition, outcome judging, gastric cancer site, study designing (cohort or case -control) and the limitations of region and race.
Therefore, to overcome these limitations, we conducted a meta-analysis of 16 eligible cohort and case -control studies to clarify a more accurate estimation of the association between excess body weight and risk of gastric cancer.
PATIENTS AND METHODS

SEARCH STRATEGY
We conducted a comprehensive search strategy towards the electronic databases including PubMed, Web of Science and Medline using the key words 'gastric cancer or gastric tumor or gastric carcinoma', 'stomach cancer or stomach tumor or stomach carcinoma', 'BMI or body mass index' and 'obesity or adiposity or overweight'. We reviewed the title and abstract of all citations and retrieved literatures. At the same time, the retrieved reference lists were also reviewed to additional relevant studies manually.
SELECTION CRITERIA
The included studies must meet the following criteria: (i) original study, (ii) cohort or case -control study in which gastric cancer incidence or mortality was taken as outcome, (iii) the diagnosis of gastric cancer was based on histological, (iv) having clear description of normal weight, overweight and obesity defined by BMI, (v) relative risk (RR), hazard ratio(HR) or odds ratio(OR) with its corresponding 95% confidence interval (95% CI) for BMI and incidence or mortality of gastric cancer were included, (vi) the RR, HR or OR with its corresponding 95% CI at least adjusted for age, (vii) when multiple publications reported on the same or overlapping data, we used the most recent or largest population and (viii) publication language was confined to English.
DATA EXTRACTION
According to pre-specified selection criteria, data was extracted from each study by two reviewers independently (L.X.J. and L.S.). Decisions were made and disagreements about study selection were resolved by consensus or by involving a third reviewer (Y.K.K.). The following information was extracted from the publications: first author, publishing year, country where the study was carried out, study design, duration of data collection, gender of participants, anatomic site, sample size, cutoff of BMI (kg/m 2 ), study population and confounder adjustments. When incidence and mortality were reported as outcomes at the same time, we chose the incidence. When more than one risk estimates were reported, we extracted the ones adjusted for the largest number of potential confounders.
QUALITY ASSESSMENT FOR INDIVIDUAL STUDIES
Two reviewers (L.X.J. and L.S.) assessed the quality of each included study using the Newcastle -Ottawa scale (NOS). The 'star system' of NOS has been developed in which a study was judged on three broad perspectives: the selection of the study groups, the comparability of the groups and the ascertainment of either the exposure or outcome of interest for case -control or cohort studies, respectively. The NOS assigned a maximum of 4 points for selection, 2 points for comparability and 3 points for outcome. A maximum of 9 points reflected the highest quality. Any disagreements were resolved by a joint reevaluation with a third reviewer (Y.K.K.). A total of 6 points or greater indicated the study was high quality (12 2 ). The current standards based on BMI criteria for overweight and obesity recommended by the WHO are widely accepted and supported by other advisory committees and expert panels to federal agencies (13) . But the Chinese people are relatively lean, a population-based investigation conducted by Zhou (14) in China suggested that the cutoff points of BMI for underweight, overweight and obesity of the Chinese people were 18.5, 24 and 28 kg/m 2 . We also accepted the criteria for Chinese in our study.
STATISTICAL ANALYSIS
Adjusted RRs (HRs or ORs) with 95% CI were used to assess the strength of association between BMI and risk of gastric cancer. Heterogeneity assumption was checked by x 2 test based on Q-test and I 2 test (significance level of P het , 0.10). The pooled RRs with 95% CI were calculated by the random effects model (DerSimonian and Laird) (15) . Possible publication bias was tested by Begg's funnel plot and Egger's test (significance level of P , 0.05) (16, 17) . Subgroup analyses were conducted based on gender (males and females), site of gastric cancer (cardia and non-cardia), study population (Asian and non-Asian) and study design (cohort
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RESULTS
SEARCH RESULTS AND STUDY CHARACTERISTICS
A total of 1512 articles were relevant to the key words. After excluding for duplication, review, case report, letter, comment, not relevant to the association of gastric cancer and BMI, mechanism study and surgery study and after selecting seriously in accordance with the inclusive criteria, 23 studies were considered of potential value and being evaluated for details. Seven of these 23 articles did not use the WHO categories of BMI exposure. Sixteen finally eligible studies (6 -8,11,18 -29) were identified, including 13 cohort studies and 3 case -control studies. Among these studies, 4 were carried out in USA, 3 in UK, 3 in Sweden, 1 in the Netherlands, 1 in Norway, 1 in Austria, 1 in China, 1 in Korea and 1 in Japan.
The main characteristics of the included studies were summarized in Table 1 .
QUANTITATIVE SYNTHESIS
In obesity group, the overall analysis revealed a positive association between obesity (BMI 30 kg/m 2 ) and gastric cancer risk (OR ¼ 1.13, 95% CI ¼ 1.03 -1.24) compared with normal weight (BMI ¼ 18.5 to ,25 kg/m 2 ). No significant heterogeneity was observed (I 2 ¼ 7.7%, P ¼ 0.368) (Fig. 1A ). For gender, there was an association between obesity and gastric cancer risk for males (OR ¼ 1.27, 95% CI ¼ 1.09 -1.48), but no association for females (OR ¼ 1.04, 95% CI ¼ 0.79 -1.39) ( Table 2 ). For the site of gastric cancer, there was an association between obesity and gastric cardia cancer risk (GCC) (OR ¼ 1.61, 95% CI ¼ 1.15 -2.24). But we found no significant association between obesity and gastric non-cardia cancer risk (GNCC) (OR ¼ 0.83, 95% CI ¼ 0.68 -1.01) ( Table 2 ). For race, among non-Asians, there was an association between obesity and gastric cancer risk (OR ¼ 1.14, 95% CI ¼ 1.02 -1.28). Nonetheless, no association between obesity and gastric cancer risk was observed among Asians (OR ¼ 1.11, 95% CI ¼ 0.82 -1.50) ( Table 2) . For study design, there was associations between obesity and gastric cancer risk for cohort studies (OR ¼ 1.10, 95% CI ¼ 1.00 -1.22) and case -control studies (OR ¼ 1.29, 95% CI ¼ 1.03 -1.60) ( Table 2 ). Meanwhile, it was worth mentioning that no significant heterogeneity was observed in the above subgroups (Table 2) .
In overweight group, compared with normal weight (BMI ¼ 18.5 to ,25 kg/m 2 ), the overall analysis revealed no association between overweight (BMI ¼ 25 to ,30 kg/m 2 ) and gastric cancer risk (OR ¼ 1.04, 95% CI ¼ 0.96 -1.12) (Fig. 1B) . But, as shown in Table 2 , there was an association between overweight and GCC risk (OR ¼ 1.22, 95% CI ¼ 1.05 -1.42). Then, no statistically significant link between overweight and gastric cancer risk was observed for males, females, GNCC, Asians, non-Asians, cohort studies and case-control studies ( Table 2) .
As shown in Fig. 2 , the shape of Begg's funnel plots for overweight and obesity group revealed no obvious asymmetry. Then the results were confirmed by Egger's test (for obesity group: P ¼ 0.520; for overweight group: P ¼ 0.080). Neither Begg's funnel plots nor Egger's test detected any obvious evidence of publication bias of literatures (Table 2) .
When the component studies were restricted to cohort studies, we can also find obesity was associated with an increased risk of gastric cancer (OR ¼ 1.10, 95% CI ¼ 1.00-1.22), while overweight showed no association (OR ¼ 1.00, 95% CI ¼ 0.93 -1.08). For the site of gastric cancer, obesity was associated with the risk of gastric cardia cancer (OR ¼ 1.68, 95% CI ¼ 1.14 -2.47), but not with gastric non-cardia cancer (OR ¼ 0.82, 95% CI ¼ 0.66-1.02). The above conclusions were not altered. But we no longer found an association between overweight and risk of gastric cardia cancer (OR ¼ 1.16, 95% CI ¼ 0.99 -1.35), it might be caused by the few samples.
SENSITIVE ANALYSIS
In the sensitivity analysis, when one study was removed and the rest were analyzed sequentially by meta-analysis. Any study in overweight or obesity group was omitted, the pooled RRs were not materially altered with the overall pooled RRs, indicating that our results were statistically robust (Fig. 3) .
DISCUSSION
Previous meta-analysis studies have revealed that higher BMI was associated with the risk of various cancers (30, 31) . Yang et al. (32) found that excess body weight (BMI 25 kg/m 2 ) was associated with an increased risk of gastric cancer and GCC but not with GNCC by a meta-analysis of 10 cohort studies. In this study, the BMI references were not unified, such as 18.5 -25, ,20.3, ,23 and ,19.9, which will lead the imprecise conclusion. Moreover, they did not explain the reason for the great heterogeneity (like I 2 ¼ 81%, P , 0.00001), also they did not take confounders into account. Not coincidentally, Chen et al. (33) found increasing BMI was not a clear risk factor for total gastric cancer, and increased BMI was positively associated with risk of GCC but not with GNCC. Although 24 prospective studies were included in this meta-analysis, but the various cutoff of BMI may lead conclusions to a lack of accuracy.
In our meta-analysis, we included 13 cohort and 3 casecontrol studies, which used RR, HR and OR to assess the risk of gastric cancer. We strictly specified the normal BMI reference as 18.5 to ,25 kg/m 2 , so that the conclusion may be more meaningful. The pooled results showed that obesity was associated with an increased risk of gastric cancer, especially for males, GCC and among non-Asians.
In this meta-analysis, the association between obesity and gastric cancer was statistically significant for males (based on 
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Body mass index and risk of gastric cancer eight studies), but not for females (based on six studies). The dietary preferences of habit, food types and eating speed may be the reasons for the difference. What is more, the possible reason reflected the gender difference might relate to female sex hormones. Many epidemiologic studies have suggested hormonal factors associated with greater exposure to estrogen and/or progesterone may be associated with decreased risk for gastric cancer (34, 35) . After stratifying by the site of gastric cancer, we found in overweight, obesity group, there was a significant link between BMI and GCC risk, the strength of the association increased with the increase of BMI, while no association for GNCC. Nowadays, the trend of GCC was rising, no matter in the developed countries like USA (36) or in developing countries like India (37) . Many epidemiological studies have supported that obesity was a risk factor of GCC (27, 38) . There was also a meta-analysis indicating that a high BMI was weakly associated with the risk of GCC (39) . Meanwhile, a new study reported that GNCC was associated with short stature but not with heavy body weight or obesity (40) . Although the real mechanism remains unclear, among all the hypotheses of the association between obesity and GCC, the reflux theory was widely accepted (41, 42) . Obesity can promote gastroesophageal reflux disease by increasing intra-abdominal pressure. Moreover, gastroesophageal reflux predisposes to Barrett's esophagus, which is a metaplastic precursor state for GCC (43) .
In this meta-analysis, we found a positive association between obesity and gastric cancer risk among non-Asians, but not among Asians. Similarly, the previous stratified meta-analysis also found that excess body weight (BMI 25) was associated with an increased risk of gastric cancer among non-Asians (32). Obesity-induced inflammation was thought to promote development of GCA via tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1). In vitro and in vivo studies have shown that TNF-a, IL-6, IL-17 and MCP-1 stimulate proliferation and inhibit apoptosis of human gastric cancer cell lines (44) . The different conclusions among Asians and non-Asians might be caused by the ethnicity or geographical regions. Besides, only three studies were available in Asia with negative results, which might be caused by few samples. Some limitations may have been affecting the objectivity of the conclusion of this meta-analysis and should be acknowledged. Although all the cohort and case -control studies included in this meta-analysis have high quality, the potentially unmeasured confounders may influence the results of observational studies. Observational studies are more susceptible to bias risk.
In conclusion, compared with normal weight (BMI ¼ 18.5 to ,25 kg/m 2 ), obesity was positively associated with gastric cancer risk for total studies. We found a positive association between obesity and gastric cancer risk especially for males and among non-Asians. Both overweight and obesity were associated with the increased risk of GCC. Considering that some confounders may affect the conclusions more or less, some adjustments for age, ethnicity, education, Helicobacter pylori infection, fruit, vegetable, smoking, alcohol and processed meat are necessary in future studies. 
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